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MEHTHOD FOR FILLING CONTACT HOLES 
WTTH METAL BY TWO-STEP DEPOSITION 

This is a contlnuatioa of U,S. spplicaJdoa Scr. No. 
07/964362 filed Oct. 21, 1992, aow abandoned, 5 

BACKOROLTO) OF THE INVENTION 

1, Held of the lavcntion 

This lavcation relates to a method for filling coataci holes 
with mccai in the process steps to fabdcaie highly-integcatcd 
scmiconductOT device and more parttcuiarly. to a method 
for fining the contact holes with two-step deposition of the 
selective tungsten thin fiims to nriniinize their surface 
topography, thus achieving better step coverage of the metal 
laycc 

2. Dcscr^txon of the Prior Art 

Generally, as the contact size in seroicondactor device is 
reduced, the aspect ratio of the contact hole bcconics larger 
and as a result, metal with poor step coverage causes the 20 
reliability pccbiem to the saznconductor device. To resolve 
this matter, chemical v^tac deposition (CVD) method is 
attractive for filling the inside of contact boles with selective 
tungsten rtitn films, thus better improving the stqp coverage 
of metal layer The CVX) £a:ocess, however; has a trouWe- 25 
some iffoblem associated with the difference of surface 
topography in contact holes. In the case of filling die contaa 
holes with the highest sutf ace tc^gr^y with the selective 
tungsten thin films, the fi^™ become overgrown at the 
contact holes with rather lower surface topogr^y and 30 
circuit failure may result between metal wires. To avdld such 
disadvantage^ it is Inevitai^e foe the holes with the lowest 
surface topography to be filled in the first place. 
Consequently^ the aspect ratio of contact holes with the 
highest step coverage cann<^ be dgnificandy oz^oved and ^ 
this unfavorable situation is expected to continue thereafter, 
as the semiconductor elements become hi^y integrated and 
smaller. 

It is a ptincqile object of fljc present invention, therefore, 
to provide a contact-filling method, in ^s*ich the selective ^ 
tungsten fiiTn^ are deposited in two stcps^ thus maxi- 
mizing the contact filling with tungsten, gaining a stability 
of metal wires with better step coverage, and enhancing the 
reliability on scmicoaductar eiezncnts. 

The above-said objective should be construed as only one 
d many possible through the utilization of a few of the more 
practicai and ixspoctant ^satures and appUcadons of the 
invention. Many other beiKficiai results can be obtained by 
^rplying the disclosed invention in a drSfercnt manner or ^ 
modifying the invention within the scope of the disclosure, 
Accordiugly, other objectives and a fuller understanding of 
the invention may be had by refecdng to both the summary 
of the invention and the detailed descxii^on. bciow, which 
describe the preferred embodiments and descabe the scope 
of die invention defined by the daims, whose summary and 
description should be considered in conjunction with the 
accon^i^yLng drawings. 

SUMMARY OF THE INVENTION 

60 

In CTder to prevent the metal layers from having poOT step 
coverage due to the difference of smface tc^>ogr25)hy in 
contact holes, the present invention is characterized by the 
fabrication steps as set forth hereunder: 

As a first step, a field layer, a junction layer, and a gate 6S 
electrode are formed on (he upper part of silicon substrate, 
reflectively. After depositing the first insulating layer over 
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the upper part of xhc whole structure, the areas pre- 
dctcnnincd for the estabiishment of coatact holes oc the 
first-st2^ insulating layer are removed to fonn the first 
contact hole while both the junctioD layer on the lower part 
asd the gate dectrodc are exposed; 

The second step is to compicteiy fill the coatact holes with 
nietai layers and the patterns of conductive layer is fcrmcd 
OQ the part of the first insulating layer isolated from said 
metal layers; 

The third step is to fonn the second insuiating l^cr on the 
upper part of the whole structure, whereby the areas prear- 
ranged for the estahiishmcnc of contact holes on the second 
fn . sala t in g layer are removed to form, the second contact hole 
while both the metal layer on the lower part of the first 
contact hole and the patterns of conductive layer arc 
exposed; 

The last step is to fill the second contact hole with metal 
layers wfaidi is connected to fee lower part of metal layer 
and the patterns of condnctive layer. 

The more practical and important features of the present 
invention have been oudined above in order tf^^t the detailed 
description of the invention which follows will be better 
understood and that the present contobotion to the art can be 
fully appreciated. Additional features of the invention 
described hcxeinaftcr also fona the subject matter of the 
claims of die invention. Those skilled in the art can ^jpre- 
ciate that the conceptions and the specific embodiments 
disclosed herein may be readily utilized as bases for modi- 
fying or designijog other structures forcairyii]^ out the same 
pQzposes as those of the present invention. Ftehcr^ those 
skilled in the art can realize that sodi modified or newly- 
designed odier structures do not depart firom the spirit and 
. scope of the inver^t^ as set forth in the claims. 

BKDSF DESORIFnON OF THE DRAWINGS 

Foe a fuller understanding of the nature and object of the 
inventioQ, reference should be made to the following 
Detailed Description of the Invention in conjanction with 
the accompanying drawings^ a brief desa:q)tion of which 
drawings f<^ow: 

FIG. lA and HG. IB are cross-sectional views iUustrating 
that the contact holes in larger depth are unfilled due to the 
difference of their surface topogr^^y when they are fooned 
in accordance with the pdor art and the selective tungsten 
thin films are deposited into the contact holes in a prede- 
teranned thickness; 

FKj. 2A through FIG. 2D arc cross-sectional views iUus- 
trating that contact holes are formed in two step in accor* 
dance with the process steps of the present invention and 
two-step deposittos is made available by the selective tung- 
sten thin layers. 

The respective reference numerals noted in the detailed 
description of the inventCoa below refer to the respective 
reference numerals relating to the pertinent drawing pairs 
and found as applicable throughout the several views of the 
drawings. 

DETAILED DESCRIPIION OF THE 
If«rVENTrON 

FIG. lA is a cross-sectional view for fabricating the 
device with the following process steps, A field oxide layer 
3 is deposited on the surface of silicon substrate 1 to give 
isoiatioa region among the elements, and a N+ P-h 
junction layer 2 is formed on the sOicon substrate. Next, 
after growing a gate oxide layer 4, a polysiHcon is formed 
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as a gate electrode 5. The first insulating oxide layer 6 is 
deposited oa the upper part of tbe wbolc structure, and a 
polystlicon 7 for wiring is focmed on the areas prcdetcr- 
naincd fcr the establishment of contact holes. Nest after 
depositing the second insulating oxide iayer(8) on the upper 5 
part of the whole structure* the pattern process u sing a 
phot(»csist fil-m is employed to form the contact holes at the 
prcdefierrmned areas between the first insulating layer 6 and 
the second insulating layer 

FIG. IB is a cross-sectionai view, as shown in FIG- lA, ^ 
to illustrate that deeper contact holes "2^ are unfilled due to 
the difference of their sutfece topography, when the contact 
holes 20 are foraed in accordance with the pdor ait and die 
selective tungsten fttm arc deposited to the shallowest 
holes. 

FIG, 2A througjx FIG. 2D are ooss-sectional views illus- 
trating that the contact holes are focmed in two steps in 
accOTdance with the pcoccss steps <^ the present invention 
and the two-step deposit is made available by the selective 20 
mngsten thin layers. 

HG- 2A. is a cross-scctioaai view for felaicating the 
device with die following |aoccss steps. After growii^ a 
field oxide layer 3 and a gate oxide layer 4 on the silicon 25 
substrate I. a N-f- or Fh junction layer 2 is formed. A gate 
electrode 5 is fcffmed on the tgjpcr part of a gate oxide layer 
4 and the first insulating oxide layer 6 is deposited on the 
whole structure. The prior art covers the above process st^JS. 
In the next process, a f^sotcrcsist film is used to form die ^ 
contact pattern mask, the first insulating oxide layer 6 
exposed bereCo is etched by wet and/or dry fftrhtng , and die 
first contact hole 3» is formed while the gate electrode 5 and 
N+ or P+ junction 2 are exposed. 35 

FIG. 2B is a ctoss-scctioaal view illustrating that the first 
contact hole 30, as fefacicatcd m FIG. 2A, is filled wife the 
selective mngsten fein fi^^^ 9 by the CVD method. The 
selective tungsten thin films 9 fillihe first contact hole 30, 
the sdective fflrns arc overgrown ^jpropdatdy to prevent 
misalignment with a second contact hc^e to be formed above 
the first contact bxAc 

HG. 2C is a cross-sectional view illustrating that a 
polysOicon 7 fOT wiling is placed on the areas predetermined 45 
for the estabiishmeat of contact holes on the upper part of 
me first msulating layer 6l After dq>ositing the second 
insulating oxide layer S on the upper part of the whole 
structure, the etching by the contact pattern inask is made to 
the second insulating layer S placed on the first contact hole ^ 
30 and the polysilicoa 7 foe wiring to form a second contact 
hole 40 over eadx of the first contacthole and the polysBicon 
7. 

FIG. 2D is a cross-sectional view illustrating that die 53 
second contact hole 40 ^ve die first contact hole 30, as 
fabricated in FIG. 2C, is almost filled by the CVI> mcdiod 
with selective tungsten thin films 10 in contact with the 
selective tungsten thin 9 of die first contact hole 30, 
and that the second contact hole 40 above the pdysiHcon 7 ^ 
is simultaneously almost filled with selective tungsten thin 
filTTia 10 by the CVD method. 

As described above, the object of the present invention is 
to provide a mcdiod for ^"^"g the contact boles which have 55 
a rough surface topografrfiy with metal layers, in which, fixe 
first insulating oaddc layer is provided. The tungsten thin 
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film^g are deposited in the first contact hoJc and on the uppcx 
part, the second insulating oxide layer is fonncd. NcxL the 
second contact hole is fonncd on the upper part of the nrst 
contact hole and on the areas prcdetennined for fee estab- 
lishment of the contact boles. Then, the second contact hole 
becomes aimost filed with the seiecdvc tungsten thin Sims, 
thus achieving better st^ coverage of metal wire at the 
contact holes. 

Although this invcncEca has been described in its pcc- 
f erred forms with a certain degree of particularity, it will be 
appreciated by those sidlled in the art that the present 
disdosnrc of the preferred forms has been effected only by 
way of example, and that nttmenKis changes in the dffmls of 
the construction, comfcanation and arrangement of parts may 
be resorted to without departing from the spirit and scope of 
the invention. 
, What is claimed is: 

A method fot filling contact holes with metal by 
two-step dqx>sition of metal layers, said method c omprisin g 
the stq>s of: 

providing a silicoa substrate; 

fcnning a field oxide layer and a junction layer and gate 

electrode on said silicon snbstrate; 
foxming a first insulating layer on exposed portions of the 

fiLcld oxide layer, the junction layer, and the gate 

electrode; 

forming first plurality of contact holes cf substantialiy 
equal depth by removing portions <rf the first insulating 
ii^cr to expose said junction layer and said gate 
electrode, respcctrvdy Ihc first jtaality of contact 
holes having a tapered oppcr portion; 

filling a first xDctal layer into the first j^urality of contact 
holes, entirely, &e first metal layer being grown over 
and extending sli^iEiy beyond said first plurality of 
contact boles; 

focning a conductive layer pattern on the first insulaiing 
I^er spaced tcom said first metal layer; 

fomting a second insulating layer on exposed portions of 
the conductive layer pattern, the first iBsulating layer, 
and the first piuraliry of comact holes; 

fOTming second jiuraiity of contact holes of substantially 
equal depth by removing pcfti<ms of said second insu- 
lating layer to expose bodi (iie first metal layer and the 
conductive layer pattern, rcspcctivdy and 

filling a second metal layer into said second plurality of 
contact holes to contact ihe first metal layer and the 
conductiYe layer paisem^ respectively, 

2. Amethod according to daim 1. herein the first metal 
layer and subsequently the second metal layer are fomsed by 
chemical vapor deposition method. 

3. A method according to claim 1, wherein the second 
metal layer filled in each of the second plurality of contacts 
holes has substantially equal depth. 

4* A method according to claim 1, wherein the first and 
second metal layers are selective tungsten layers, 
rc^)ectively, and the first and second plurality of contact 
holes are filled with the Sxst and secoiKi metal layers of the 
selected mngstcn layers* respectively, 
/ 5, A method for filling contact holes with metal by a 
two-step deposition of metal layers, said method com^irising 
the steps of: 

providing a siLiGon substrate; 



fonning a conductive layer pattern on the first insuiatiag 
layer spaced from said first metal layer; 

fonrnng a sccoad insulatiiig layer oa exposed pcxtioas of 
tile conductive layer paitcni, the first insuiatiag layer, 
and the first plaraiity of contact holes; 

fonning second plurality of contact holes of substantially 
equal dqjth by removing pcitioas of said second insu- 
lating layer to expose both the first loctal layer and the 
conductive layer pattern, rc^ctivcly and 

filling a second nactal layer into said second plurality of 
contact holes to contact Hxc first metai layer and the 
conductive layer pattern, respccdvciy. 
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fonning a field oxide layer and a junction iaycr and gate 
electrode on said silicon substrate; 

forming a fixst insulating layer on exposed portioas of the 
field oxide layer, the junction layer, and the gate 
electrode; ^ 

forming first plurality <x contact holes of substantiaily 
equal depth by removing portions of the first insulating 
layer to expose said junction layer and said gate 
electrode, rcspcctlYely the first jiuraiity of contact 
holes having a tapered uj^per portion; 

filling a first metal layer into cncLrc first plurality of 
contact holes by one sin^e step, the first metal layer 
being grown over and extending slightly beyond said 
first plurality of contact holes; 



/6 , A method of forminQ a substrate with contact 
holes, said method comprising: 

providing a substrate; 

forming an oxide layer, a junction layer and a gate 
electrode on said substrate; 

forming a first insulating layer on exposed portions of 
the oxide layer, the junction layer, and the gate electrode; 

forming first plurality of contact holes of 
substantially equal depth by removing portions of the first 
insulating layer to expose said junction layer and said gate 
electrode, respectively, the first plurality of contact holes 
having a tapered upper portion; 

forming a first conductive material layer into the 
first plurality of contact .holes, entirely, the first conductive 
material layer being grown over and extending slightly beyond 
said first plurality of contact holes; 

forming a conductive layer pattern on the first 
insulating layer spaced from said first conductive material 
layer; 

forming a second insulating layer on exposed portions 
of the conductive layer pattern, the first insulating layer, and 
the first plurality of contact holes; 

forming second plurality of contact holes of 
substantially equal depth by removing portions of said second 
insulating layer to expose both the first conductive material 
layer and the conductive layer pattern, respectively; and 

forming a second conductive material layer into said 
second plurality of contact holes to contact the first conductive 
material layer and the conductive layer pattern, respectively. 

7 . A method according to claim 1, wherein the first 
conductive material layer and subsequently the second conductive 



material layer are formed by a chemical vapor deposition process. 

8 . A method accordincr to claim 1. wherein the second 
conductive material layer filled in each of the second plurality 
of contacts holes has substantially equal depth, 

9 . A method according to claim 1, wherein the first 
and second conductive material layers comprise first and second 
tunQsten layers, respectively, and the first and second plurality 
of contact holes are filled with the first and second tungsten 
layers , respectively, 

._ Ao . A method of forming a substrate with contact 
holes, said method comprising: 
^ providing a substrate ; 

.5 forming an oxide layer, a junction layer and a gate 

W electrode on said substrate; 

Tl forming a first insulating layer on exposed portions of 

W the oxide layer, the junction layer, and the gate electrode; 

forming first plurality of contact holes of 

substantially equal depth by removing portions of the first 
I'lT insulating layer to expose said junction layer and said gate 
m electrode, respectively, the first plurality of contact holes 

having a tapered upper portion; 
™ forming a first conductive material layer into entire 

first plurality of contact holes in a continuous step, the first 

conductive material layer being grown over and extending slightly 

beyond said first plurality of contact holes; 

forming a conductive layer pattern on the first 

insulating layer spaced from said first conductive material 

layer; 

forming a second insulating layer on exposed portions 
of the conductive layer pattern, the first insulating layer, and 
the first plurality of contact holes; 
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forminQ second plurality of contact holes of 
substantially equal depth by removincr portions of said second 
insulating layer to expose both the first conductive material 
layer and the conductive layer pattern, respectively; and 

forming a second conductive material layer into said 
second plurality of contact holes to contact the first conductive 
material layer and the conductive layer pattern, respectively. 

11 . A method according to claim 10, wherein said steps 
of forming said first and said second conductive material layers 
comprise filling said first and said second plurality of contact 
holes , respectively. 

/l2 . A method of forming a substrate with contact holes 
filled by multi-step deposition of conductive layers, said method 
comprising: 

providing a substrate; 

forming an oxide layer and a junction layer on said 

substrate; 

forming a first insulating layer on exposed portions of 
the oxide layer and the junction layer; 

forming a first contact hole by removing a portion of 
the first insulating layer to expose said junction layer, the 
first contact hole having a tapered upper portion; 

forming a first conductive material layer into the 
first contact hole, entirely; 

forming a conductive layer pattern on the first 
insulating layer spaced from said first conductive material 
layer; 

forming a second insulating layer on exposed portions 
of the conductive layer pattern, the first insulating layer, and 
the first contact hole; 

forming a second contact hole by removing portions of 
said second insulating layer to expose the first conductive 
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material layer; and 

formincT a second conductive material layer into said 
second contact hole to contact the first conductive material 
layer. 

13 . A method as in claim 12. further comprisincr: 
forming a third contact hole by removing portions of 

the second insulating layer to expose the conductive layer 
pattern; and 

forming the second conductive material layer into the 
third contact hole to contact the conductive layer pattern. 

14 . A method as in claim 12, wherein said first and 
said second conductive material layers comprise a metal. 

J \.S . A method of forming a semiconductor with contact 
holes filled by multi-step deposition of conductive layers, said 
method comprising: 

providing a substrate; 

forming an oxide layer and a gate electrode on said 

substrate ; 

forming a first insulating layer on exposed portions of 
the oxide layer and the gate electrode; 

forming first plurality of contact holes of 
substantially equal depth by removing portions of the first 
insulating layer to expose said gate electrode, the first 
plurality of contact holes having a tapered upper portion; 

filling a first conductive material layer into the 
first plurality of contact holes, entirely; 

forming a conductive layer pattern on the first 
insulating layer spaced from said first conductive material 
layer; 

forming a second insulating layer on exposed portions 
of the conductive layer pattern, the first insulating layer, and 
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the first plurality of contact holes; 

forminQ second plurality of contact holes of 
substantially equal depth by removincf portions of said second 
insulatincT layer to expose both the first conductive material 
layer and the conductive layer pattern; and 

fillincT a second conductive material layer into said 
second plurality of contact holes to contact the first conductive 
material layer and the conductive layer pattern. 

16 . A method as in claim 15, wherein said first and 
second conductive material layers comprise first and second metal 
layers . 

J \1 , A method of forming a semiconductor with contact 
holes filled by multi-step deposition of conductive material 
layers > said method comprisincr: 
providincT a substrate; 

forming an oxide layer and a first conductive layer 
pattern on said substrate; 

forming a first insulating layer^ on exposed portions of 
the oxide layer and the first conductive layer pattern; 

forming a first contact hole by removing a portion of 
the first insulating layer to expose said first conductive layer 
pattern, the first contact hole having a tapered upper portion; 

forming a first conductive material layer into the 
first contact hole, filling said first contact hole entirely; 

forming a second conductive layer pattern on the first 
insulating layer spaced from said first conductive material 
layer; 

forming a second insulating layer on exposed portions 
of the second conductive layer pattern, the first insulating 
layer, and the first conductive material layer; 

forming second and third contact holes of substantially 
equal depth by removing portions of said second insulating layer 



to expose both the first conductive material layer and the second 
conductive layer pattern, respectively; and 

formincr a second conductive material layer into said 
second and third contact holes to contact the first conductive 
material layer and the second conductive layer pattern, 
respectively. 

18 . A method as in claim 17. wherein said first 
conductive layer pattern comprises a gate electrode . 

19 ■ A method as in claim 17, wherein said first and 
second conductive material layers comprise first and second metal 
layers , 

i 20 ■ A method of formincr a semiconductor with contact 
holes filled by multi-step deposition of conductive layers, said 
method comprising: 

providing a substrate; 

forming an oxide layer, a junction layer and a first 
conductive layer pattern on said substrate; 

forming a first insulating layer on exposed portions of 
the oxide layer, the junction layer, and the first conductive 
layer pattern; 

forming first plurality of contact holes of 
substantially equal depth bv removing portions of the first 
insulating layer to expose said junction layer and said first 
conductive layer pattern, respectively, the first plurality of 
contact holes having a tapered upper portion; 

filling a first conductive material layer into the 
first plurality of contact holes, entirely; 

forming a second conductive layer pattern on the first 
insulating layer spaced from said first conductive material 
layer; 

forming a second insulating layer on exposed portions 
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of the second conductive layer pattern, the first insulatiriQ 
layer, and the first plurality of contact holes; 

forming second plurality of contact holes of 
substantially ecaial depth by removing portions of said second 
insulating layer to expose both the first conductive material 
layer and the second conductive layer pattern, respectively; and 

filling a second conductive material layer into said 
second plurality of contact holes to contact the first conductive 
material layer and the second conductive layer pattern, 
respectively. 

21 . A method as in claim 20, wherein said first and 
second conductive material layers comprise first and second metal 
layers . 

22 . A method as in claim 20, wherein said first 
conductive layer pattern comprises a gate electrode . 

J 23> . A method of forming a semiconductor with contact 
holes filled by multi-step deposition of conductive layers, said 
method comprising: 

providing a substrate; 

forming an oxide layer, and first and second regions on 
said substrate ; 

forming a first insulating layer on exposed portions of 
the oxide layer and said first and said second regions; 

forming first plurality of contact holes of 
substantially equal depth by removing portions of the first 
insulating layer to expose said first and second regions, the 
first plurality of contact holes having a tapered upper portion; 

forming a first conductive material layer into, and 
filling entirely, the first plurality of contact holes; 

forming a conductive layer pattern on the first 
insulating layer spaced from said first conductive material 
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layer; 

forming a second insulating layer on exposed portions 

of the conductive layer pattern > the first insulating layer, and 

the first conductive material layers- 
forming second plurality of contact holes of 

substantially ecrual depth by removing portions of said second 

insulating layer to expose both the first conductive material 

layer and the conductive layer pattern; and 

forming a second conductive material layer into said 

second plurality of contact holes to contact the first conductive 

material layer and the conductive layer pattern. 

24 , A method as in claim 23 , wherein said first region 
comprises a junction layer. 

25 ■ A method as in claim 23 , wherein said second 
region comprises a gate electrode, 

26 . A method as in claim 23, wherein said first and 
second conductive material layers comprise first and second metal 
layers . 

J 27 . A method of forming a semiconductor with contact 
holes filled by multi-step deposition of conductive layers, said 
method comprising: 

providing a substrate ; 

forming an oxide layer, a junction layer and a gate 

electrode on said substrates- 
forming a first insulating layer on exposed portions of 

the oxide layer, the junction layer, and the gate electrodes- 
forming first plurality of contact holes of 

substantially equal depth by removing portions of the first 

insulating layer to expose said junction layer and said gate 

electrode , respectively ; 
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forminQ a first conductive material layer into the 
first plurality of contact holes, entirely; 

forming a conductive layer pattern on the first 
insulatincr layer spaced from said first conductive material 
layer; 

formincr a second insulating layer on exposed portions 
of the conductive layer pattern, the first insulating layer, and 
the first plurality of contact holes; 

forming second plurality of contact holes of 
substantially equal depth by removing portions of said second 
insulating layer to expose both the first conductive material 
layer and the conductive layer pattern; and 

forming a second conductive material layer into said 
second plurality of contact holes to contact the first conductive 
material layer and the conductive layer pattern. 

28 ■ A method as in claim 27, wherein said first and 
second conductive material layers comprise first and second metal 
layers . 

29 , A method as in claim 27, wherein said first 
plurality of contact holes have a tapered upper portion. 

J 30 . A method of forming a semiconductor with contact 
holes filled by multi-step deposition of metal layers, said 
method comprising: 

providing a substrate; 

forming an oxide layer and a junction layer on said 

substrate ; 

forming a first insulating layer on exposed portions of 
the oxide layer and the junction layer; 

forming first plurality of contact holes of 
substantially equal depth by removing portions of the first 
insulating layer to expose said junction layer, the first 
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Plurality of contact holes having a tapered upper portion ; 

forming a first metal layer into the first plurality of 
contact holes, entirely; 

forming a conductive layer pattern on the first 
insulating layer spaced from said first metal layer; 

forming a second insulating layer on exposed portions 
of the conductive layer pattern, the first insulating layer, and 
the first plurality of contact holes; 

forming second plurality of contact holes of 
substantially equal depth by removing portions of said second 
insulating layer to expose both the first metal layer and the 
conductive layer pattern > respectively; and 

forming a second metal layer into said second plurality 
of contact holes to contact the first metal layer and the 
^"S conductive layer pattern, respectively. 

J2I. A method of forming a semiconductor with contact 
\j holes filled by multi-step deposition of metal layers, said 
S method comprising: 
r providing a substrate; 

forming an oxide layer and a gate electrode on said 

J-^ substrate ; 

m forming a first insulating layer on exposed portions of 

^ the oxide layer and the gate electrode; 

forming first plurality of contact holes of 
substantially eaual depth by removing portions of the first 
insulating layer to expose said gate electrode, the first 
plurality of contact holes having a tapered uppe r portion; 

filling a first metal layer into the first plur ality of 
contact holes, entirely; 

forming a conductive layer pattern on the first 
insulating layer spaced from said first metal layer; 

forming a second insulating layer on expose d portions 
of the conductive layer pattern, the first insulating layer, and 
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the first plurality of contact holes; 

forming second plurality of contact holes of 
substantially equal depth by removinQ portions of said second 
insulating layer to expose both the first metal layer and the 
conductive layer pattern, respectively; and 

filling a second metal layer into said second plurality 
of contact holes to contact the first metal layer and the 
conductive layer pattern > respectively. 

, 2 . A method of forming a semiconductor with contact 
holes filled by multi-step deposition of metal layers, said 
method comprising: 

providing a substrate; 

forming an oxide layer and a first conductive layer 
pattern on said substrate; 

forming a first insulating layer on exposed portions of 
the oxide layer and the first conductive layer pattern; 

forming a first contact hole by removing a portion of 
the first insulating layer to expose said first conductive layer 
pattern, the first contact hole having a tapered upper portion; 

forming a first metal layer into the first plurality of 
contact hole, entirely; 

forming a second conductive layer pattern on the first 
insulating layer spaced from said first metal layer; 

forming a second insulating layer on exposed portions 
of the second conductive layer pattern, the first insulating 
layer, and the first contact hole; 

forming second and third contact holes of substantially 
equal depth bv removing portions of said second insulating layer 
to expose the first metal layer and the second conductive layer 
pattern, respectively; and 

forming a second metal layer into said second and third 
contact holes to contact the first metal layer and the second 
conductive layer pattern, respectively. 
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33 ■ A method as in claim 32, wherein said first 
conductive layer pattern comprises a gate electrode. 

^4 , A method of forming a semiconductor with contact 
holes filled by multi-step deposition of metal layers , said 
- method comprising: 

providing a substrates- 
forming an oxide layer and a junction layer a nd first 
conductive layer pattern on said substrate; 

forming a first insulating layer on expose d portions of 
the oxide layer, the junction layer, and the fir st conductive 
layer pattern; 

forming first plurality of contact holes of 
% substantially ecaial depth by removing portio ns of the first 
=i insulating layer to expose said junction layer and said first 
^ conductive layer pattern, respectively, the fi rst plurality of 
'^y contact holes having a tapered upper p ortion; 

y forming a first metal layer into the first p lurality of 

y ^ 

J contact holes, entirely; 

H forming a second conductive layer pattern o n the first 

^ insulating layer spaced from said first m etal layer; 
flj forming a second insulating layer on expose d portions 

* of the second conductive layer pattern, the fir st insulating 
layer, and the first plurality of con tact holes; 

forming second plurality of contact holes of 
substantially egual depth by removing portions of said second 
insulating layer to expose both the first metal layer and the 
second conductive layer pattern, respec tively; and 

forming a second metal layer into said seco nd plurality 
of contact holes to contact the first metal layer and the second 
conductive layer pattern, respectively. 

35 > A method as in claim 34, wherein said first 
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conductive layer pattern comprises a gate electrode. 

^ 3 6 - A method of forminc? a semiconductor with contact 
holes filled by multi-step deposition of metal layers, said 
method comprising: 

providing a substrate; 

forming an oxide layer, and first and second regions on 
said substrate; 

forming a first insulating layer on exposed portions of 
the oxide layer, the first region and the second region; 

forming first plurality of contact holes of 
substantially equal depth by removing portions of the first 
insulating layer to expose said first and said second region, 
respectively, the first plurality of contact holes having a 
tapered upper portion; 

forming a first metal layer into the first plurality of 
contact holes, to fill said first plurality of contact holes 
entirely; 

forming a conductive layer pattern on the first 
insulating layer spaced from said first metal layer; 

forming a second insulating layer on exposed portions 
of the conductive layer pattern, the first insulating layer, and 
the first plurality of contact holes; 

forming second plurality of contact holes of 
substantially equal depth by removing portions of said second 
insulating layer to expose both the first metal layer and the 
conductive layer pattern, respectively; and 

forming a second metal layer into said second plurality 
of contact holes to contact the first metal layer and the 
conductive layer pattern, respectively, 

37 . A method as in claim 36, wherein said first region 
comprises a junction layer. 
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38 ■ A method as in claim 36. wherein said second 
region comprises a gate electrode . 

y3 9 . A method of forming a semiconductor with contact 
holes filled by multi-step deposition of metal layers, said 
method comprising: 

providing a substrate ; 

forming an oxide layer, a junction layer and a gate 

electrode on said substrate; 

forming a first insulating layer on exposed portions of 

the oxide layer, the junction layer, and the gate electrodes- 
forming first plurality of contact holes of 

substantially equal depth by removing portions of the first 

insulating layer to expose said junction layer and said gate 

electrode , respectively; 
J5 forming a first metal layer into the fir st plurality of 

■^f contact holes, to fill said first plurality of contact holes 

entirely; 

U forming a conductive layer pattern on the first 

r insulating layer spaced from said first metal layer; 

U forming a second Insulating layer on exposed portions 

Z of the conductive layer pattern, the first insulating layer, and 

HJ the first plurality of contact holes; 

forming second plurality of contact holes of 

substantially equal depth by removing portions of said second 

insulating layer to expose both the first metal layer a nd the 

conductive layer pattern, respectively; and 

forming a second metal layer into said second plur ality 

of contact holes to contact the first metal layer a nd the 

conductive layer pattern, respectively, 

40 . A method as in claim 39, wherein said first 
plurality of contact holes have a tapered uppe r portion. 
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/ 41 . A method of forming a semiconductor wi th contact 
holes filled bv multi-step deposition of co nductive material 
layers, said method comprisincr: 
provi diner a substrate ; 

forming an oxide laver and a first conductive layer 

pattern on said substrate; 

forming a first insulating laver on exposed portions of 

the oxide layer and the first conduc tive layer patterns- 
forming a first contact hole bv re moving portions of 

the first insulating laver to expose said first conductive layer 

pattern; 

fozrming a first conductive material la ver into the 
first contact hole, entirely; 

forming a second conductive layer patt ern on the first 
!lj insulating laver spaced from sa id first metal layer; 
i forming a second insulating laver on exposed portions. 

of the second conductive laver pa ttern, the first insulating 
S| layer, and the first co ntact hole; 

y forming second and third contact holes of substantially 

equal deoth bv removing portions of sai d second insulating layer 
M= to expose both the first conductive mater i al laver and the second 

conductive layer pattern, respectivel y; and 
II forming a second conductive material laver into said 

* second and said third contact holes to contact the first 

conductive material laver and the second conductive layer 

pattern , respect ivelv ■ 

42 . The method of claim 41, wherein said first 
conductive material layer comprises a metal, 

43 . The method of claim 42, wher ein said metal 
comprises tungsten , 

44 . The method of claim 41, wherein said first 
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conduc tive material layer comprises polvsilicon 



^5, The method of claim 41, wherein said first 
conductive lay er pattern comprises a crate electrode. 

The method of claim 41, wherein said first 
conductive layer patte rn comprises a gate electrode overlying a 
gate oxide . 

47^ The method of claim 41, further comprising a 
junction layer on said substrate. 

4Q ■ The met hod of claim 47, wherein said junction 
layer comprises a N+ junction layer. 

4^ ' The met hod of claim 47, wherein said junction 
layer comprises a P-h junction layer . 

50 . The method of claim 41, wherein said first 
conduc tive layer pattern comprises polvsilicon. 

51 . The method of claim 41. wherein said first 
insulating lav er comprises a first oxide layer. 

52 . The me thod of claim 41, wherein said step of 
fo3rming said first co ntact hole comprises a photoresist process. 

53 . The method of claim 41, wherein said step of 
forming said first cont act hole comprises a wet etch process. 

54 . The method of claim 41, wherein said step of 
forming said f irst contact hole comprises a dry etch process. 

55 . The method of claim 47, wherein said step of 
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forming said first contact hole further exposes said 1 unction 
layer. 

56 . The method of claim 41, wherein said first contact 
hole has a tapered upper portion. 

57 ■ The method of claim 41, wherein said step of 
formincr said first conductive material layer comprises a CVD 
process . 

58 . The method of claim 41. wherein said second 
conductive layer pattern comprises polvsilicon. 

59 . The method of claim 41, wherein said second 
insulating layer comprises a second oxide layer. 



■^f 60 . The method of claim 41, wherein said step of 

forming said second and said third contact holes comprises a 
W photoresist process . 

61 . The method of claim 41, wherein said step of 

JIJ forming said second and said third contact holes comprises a wet 
iflJ etch process. 

62 . The method of claim 41, wherein said step of 
forming said second and said third contact holes comprises a dry 
etch process . 

63 . The method of claim 41, wherein said step of 
forming said second conductive material layer comprises a CVD 
process . 




64 . A semiconductor device comprising: 
a semiconductor siibstrate having an oxide layer, a 
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junction layer and a gate electrode; 

a first insulating layer overlving portions of said 
oxide layer, said junction layer and said gate electrode, said 
first insulating layer having a first plurality of contact holes 
of substantially ecaial depth over said junction layer and said 
gate electrode, said first plurality of contact holes having a 
tapered upper portion; 

a first metal layer filling said first plurality of 
contact holes so that said first metal layer is in contact with 
said junction layer and said gate electrode; 

a conductive layer pattern on said first insulating 
layer spaced apart from said first metal layer; 

a second insulating layer overlying portions of said 
conductive layer pattern, said first insulating layer and said 
first plurality of contact holes, said second insulating layer 
having a second plurality of contact holes of substantially equal 
depth over said first metal layer and said conductive layer 
pattern; and 

a second metal layer filling said second plurality of 
contact holes, said second metal layer in contact with said first 
metal layer and said conductive layer pattern, 

^5 . A semiconductor device comprising: 
a semiconductor substrate having an oxide layer, a 
junction layer and a gate electrode; 

a first insulating layer overlying portions of said 
oxide layer, said junction layer and said gate electrode, said 
first insulating layer having a first plurality of contact holes 
of substantially equal depth over said junction layer and said 
gate electrode, said first plurality of contact holes having a 
tapered upper portion; 

a first conductive material layer filling said first 
plurality of contact holes so that said first conductive material 
layer is in contact with said junction layer and said gate 
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electrode ; 

a conductive layer -pattern on said first insulating 
layer spaced apart from said first conductive material layer; 

a second insulatincr layer overlying portions of said 
conductive layer pattern, said first insulating layer and said 
first plurality of contact holes, said second insulating layer 
having a second plurality of contact holes of substantially equal 
depth over said first conductive material layer and said 
conductive layer pattern; and 

a second conductive material layer filling said second 
plurality of contact holes, said second conductive material layer 
in contact with said first conductive material layer and said 
conductive layer pattern. 

\/ 66 . A semiconductor device comprising: 

a semiconductor substrate having an oxide layer and a 
first conductive layer pattern; 

a first insulating layer overlying portions of said 
oxide layer and said first conductive layer pattern, said first 
insulating layer having a first plurality of contact holes of 
substantially egual depth over said first conductive layer 
pattern; 

a first conductive material layer filling said first 
plurality of contact holes so that said first conductive material 
layer is in contact with said first conductive layer pattern; 

a second conductive layer pattern on said first 
insulating layer spaced apart from said first conductive material 
layer; 

a second insulating layer overlying portions of said 
second conductive layer pattern, said first insulating layer and 
said first plurality of contact holes, said second insulating 
layer having a second plurality of contact holes of substantially 
equal depth over said first conductive material layer and said 
second conductive layer pattern; and 
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a second conductive material layer filling said second 
plurality of contact holes, said second conductive material layer 
in contact with said first conductive material layer and said 
second conductive layer pattern. 

67 ■ The device of claim 66. wherein said conductive 
material layers comprise a metal . 

68 . The device of claim 67, wherein said metal 
comprises tungsten. 

69 . The device of claim 66, wherein said first 
conductive layer pattern comprises a gate electrode. 

70 . The device of claim 66. wherein said first 
conductive layer pattern comprises a gate electrode overlying a 
gate oxide. 

71 . The device of claim 66, wherein said first 
conductive material layer comprises polvsilicon. 



i unction layer on said substrate. 






73. The device of claim 72, wherein 


said 


i unction 


layer comprises a N-h i unction layer. 






74 . The device of claim 72 , wherein 


said 


i unction 


layer comprises a P+ i unction layer. 






75. The device of claim 66, wherein 


said 


first 


conductive layer pattern comprises polvsilicon. 






76. The device of claim 66, wherein 


said 


first 
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insulating layer comprises a first oxide layer, - 

77 . The device of claim 66 r wherein said first 
Plurality of contact holes are formed by a photoresist process. 

78 . The device of claim 66, wherein said first 
plurality of contact holes are formed by a wet etch process, 

79 . The device of claim 66. wherein said first 
plurality of contact holes are formed by a dry etch process. 

80 . The device of claim 72, wherein said first 
plurality of contact holes expose said junction layer. 

y 81 . The device of claim 66, wherein said first 

J; plurality of contact holes have tapered upper portions, 

82 . The device of claim 66 > wherein said first 
U plurality of contact holes are formed by a CVD process. 

H 83 . The device of claim 66, wherein said second 

\Z conductive layer pattern comprises polysilicon. 

=C 84 . The device of claim 66, wherein said second 

^ insulating layer comprises a second oxide layer. 

85 . The device of claim 66, wherein said second 
plurality of contact holes are formed by a photoresis t process. 

86 . The device of claim 66, wherein said second 
plurality of contact holes are formed bv a wet etch p rocess. 

87 . The device of claim 66, wherein said second 
plurality of contact holes are formed by a drv etch p rocess. 
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88 . The device of claim 66. wherein said second 



plurality of contact holes are formed bv a CVD process 
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DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I declare that: 

My residence, post office address and citizenship are as stated below next to my name; I am the original, first and sole ir-ze x<or (if 
only ( ot. name is listed below) or an original, first and joint inventor (if plural inventors are named below) of the subject man.-r which 
IS claimed and for which a reissue patent is sought on U. S. Patent No:"5,683,938 entitled METHOD FOR FILLING CONTACT 
HOLL:^ with metal BY TWO-STEP DEPOSITION, the specification of which is attached hereto. 

I have reviewed and understand the contents of the above identified specification, including the claims, as amended by any 
amendment referred to above. I acknowledge the duty to disclose information which is material to the examination of this anoi;.ation 
in accordance with Title 37, Code of Federal Regulations, Section 1.56. 

1 verily believe the original patent 5,683,938 is partially inoperative or invalid by reason of the patentee claiming less than ,-. > had a 
right to claim m the patent. One error of the original patent corrected by the present reissue application is that the independe" claims 
of the crigmal patent require the deposition of metal layers, whereas those skilled in the art at the time of the invention would . ralize 
that the present invention equally applies to the deposition of other conductive layers, such as polysilicon. The failure to ipclude 
claims depositing conductive layers is an error that the present reissue application corrects. 

©II er ors corrected by the present reissue application arose without deceptive intent on my part as applicant. 

foreign priority benefits under Title 35, United States Code, Section 1 19 of any foreign applications(s) for patem or inventor's 
^rtificate listed below and have also identified below any foreign application for patent or inventor's certificate havin- a fir., . date 
^tore that of the application on which priority is claimed. 

sPfior f oreign Application(s) 



Country 


Application No. 


Date of Filing 


Priority Claimed Under 
35 use 119 


Korean 


91-18500 


October 21, 1991 


Yes 



i^^laim the benefit under Title 35, United States Code, Section 120 of any United States or international application(s) listed L^elow 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States or inteirr-. ,nal 
application in the manner provided by the first paragraph of Title 35, United States Code, Section 112, I acknowledge the Jutv to 
disclose material information as defined in Title 37, Code of Federal Regulations, Section 1.56 which occurred between the fi|. date 
ot the prior application and the national or PCT international filing date of this application: 



Application No. 


Date of Filing 


Status 


07/964,362 


10/21/92 


Abandoned 



POV^^K OF ATTORNEY: As a named inventor, I hereby appoint the following attomey(s) and/or agent(s) to prosecute this 
appdcauon and transact all business in the Patent and Trademark Office connected therewith. s yj y 

Robert C. Colwell, Reg. No. 27,431 
Richard T. Ogawa, Reg. No. 37,692 
Roger T. Barrett, Reg. No. 41,599 
Darin J. Gibby, Reg. No. 38,464 
Lesley S. Craig, Reg. No. 26,578 
Chad S. Hilyard, Reg. No. 40,647 
William F. Vobach, Reg. No. 39,41 1 
Scott L. Ausenhus, Reg. No. 42,271 
Thomas D. Franklin, Reg. No. 43,616 
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Send Correspondence to: 
Roger T. Barrett 

TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, 8*** Floor 
San Francisco, California 94111-3834 



Direct Telephone Calls to: 
(Name, Reg, No., Telephone No.) 
Name: Roger T, Barrett 

Reg. No.: 41,599 
Telephone : 3 03 -57 1 -4000 
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KIM 


First Name: 
SANG 
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YOUNG 


Residence Sc 
Citizenship: 
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SEOUL 


State/Foreign Country; 
KOREA 


Country of Citizenship. 
KOREAN 


Post Office 
Address: 


Post Office Address: 

139-26 An Am-Dong Sung buk- 
Gu 


City: 

SEOUL 


State/Country: 
KOREA 


Postal Code 


Full Name of 
Inventor 2: 


Last Name: 

SONG 


First Name: 
YUNG 


Middle Name orini 
WOOK 


tiai: 


Residence & 
Citizenship: 


City: 

SEOUL 


State/Foreign Country: 
KOREA 


Country of Citizenship- 

KOREAN 


Post Office 
Address: 


Post Office Address: 

306-504, Hyundai APT., Gwang 
Jang Dong, Sung Dong Gu 


City: 

SEOUL 


State/Country: 
KOREA 


Postal Code 
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Last Name: 

KIM 


First Name: 
HUN 
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DO 
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Residence & 
Citizenship: 
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,1 further declare that all statements made herein of my own knowledge are true and that all statements made on information ar. belief 
pe believed to be true; and fixrther that these statements were made with the knowledge that willful false statements and tin Kke so 
a^ade are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 ofthe United States Code and that su^L villful 
^se statements may jeopardize the validity ofthe application or any patent issuing thereon 
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